The potential of increased bioerosion by excavating sponges in future environmental scenarios 17 represents a potential threat to coral reef structure and function. If we are to predict changes to 18 coral reef habitats, it is important to understand the biology of these sponges. Little is known 19 about prokaryotic associations in excavating sponges despite the fact that evidence indicates they 20 contribute to the sponge growth through their heterotrophic metabolism and may even act as 21 microborers. Here, we provide the first detailed description of the microbial community of 22 multiple bioeroding sponges from the Clionaidae family (Cliona varians, C. tumula, C. delitrix, 23 Spheciospongia vesparium, Cervicornia cuspidifera) collected in inshore and offshore coral reefs 24 in the Florida Keys. A total of 6,811 prokaryote OTUs identified using 16S rRNA gene 25 sequencing was detected in the samples studied, including ambient water, belonging to 39 26 bacterial phyla and 3 archaeal phyla. The microbiomes of species harboring Symbiodinium 27 (Cliona varians, C. tumula, Cervicornia cuspidifera) and the azooxanthellate S. vesparium were 28 dominated by Alphaproteobacteria that represented from 83 to 96% of total sequences. These 29 clionaid sponges presented species-specific core microbiomes, with 4 OTUs being shared by all 30 sponge samples, albeit with species-specific enrichments. The microbiomes of C. varians and S. 31 vesparium were stable but showed certain plasticity between offshore and inshore reefs. The 32 distantly related Cliona delitrix does not harbor Symbiodinium , and had a microbiome 33 dominated by Gammaproteobacteria, which represented 82% of all sequences. Most of the 34 sponge-exclusive OTUs are found in low abundance and belong to the "rare biosphere" category, 35
multiple bioeroding sponges from the Clionaidae family (Cliona varians, C. tumula, C. delitrix, 23
Spheciospongia vesparium, Cervicornia cuspidifera) collected in inshore and offshore coral reefs 24 in the Florida Keys. A total of 6,811 prokaryote OTUs identified using 16S rRNA gene 25 sequencing was detected in the samples studied, including ambient water, belonging to 39 26 bacterial phyla and 3 archaeal phyla. The microbiomes of species harboring Symbiodinium 27 (Cliona varians, C. tumula, Cervicornia cuspidifera) and the azooxanthellate S. vesparium were 28 dominated by Alphaproteobacteria that represented from 83 to 96% of total sequences. These 29 clionaid sponges presented species-specific core microbiomes, with 4 OTUs being shared by all 30 sponge samples, albeit with species-specific enrichments. The microbiomes of C. varians and S. 31 vesparium were stable but showed certain plasticity between offshore and inshore reefs. The 32
Introduction 43
A paradigmatic example of a holobiont is the symbiotic consortium that exists among microbes 44
and their sponge host (Webster and Taylor Thomas et al. 2016 ; 47 sponge hosts was markedly different (Fig. 1) . The microbial community harbored by all the 223 sponge hosts sampled was enriched for α-Proteobacteria (>80% of the reads of the microbial 224 community, on average) except for C. delitrix that was enriched for γ-Proteobacteria (85% of 225 relative abundance). Seawater instead was dominated by more than one bacterial group, α-226 Proteobacteria (50%) and γ-Proteobacteria (19%). The composition by number of OTUs (instead 227 of abundance) was more balanced, with less dominance of a single or a few groups (Suppl. Fig  228   S4 ), C. delitrix presented a larger fraction of γ-Proteobacteria and the other hosts showed greater 229 OTU richness of α-Proteobacteria. Differences in free-living microbial communities between the 230 offshore reef and the inshore flat reef lay on the relative abundances of Bacteroidetes (4.6% and 231 31.7%, respectively), Cyanobacteria (9.5% and 0.07%, respectively), Actinobacteria (6.8% and 232 0.1%, respectively), and Euryarchaeota (2.9% and 0.1%, respectively). Comparatively, these 233 microbial phyla commonly found in seawater samples were depleted in the sponge species 234 analyzed. On the other hand, other less predominant phyla were enriched in the hosts, such as 235 Thaumarchaeota (1.5%) and Planctomycetes (0.3%), compared to planktonic communities 236 (0.02% and 0.07%, respectively). We found a species-specific enrichment in C. varians for -237 Proteobacteria (5.5%) while the relative abundance in the other species and in seawater was 238 below 0.6%. 239
240
Differences within and between sponge-associated and seawater microbial communities 241 Statistically significant differences in microbial community structure (PERMANOVA) were 242 detected among C. varians, C. delitrix, C. tumula, S. vesparium, and seawater microbes (F4,23 = 243 6.283; P < 0.001). Symbiont communities from seawater exhibited no overlap with sponge 244 species in the multidimensional space, and all sponge species occupied distinct regions of the 245 nMDS plot (Fig. 2) . In addition, a significant interaction between host species (C. varians and S. 246 vesparium) and habitat occurred (PERMANOVA, F1,10 = 2.466; P = 0.031), and thus main 247 factors were analyzed separately. There were significant differences in community structure 248 between offshore and inshore reefs in C. varians (t = 4.684, P = 0.026) and S. vesparium (t 249 =1.565, P = 0.042). Dispersion analysis revealed equal variability within C. varians and S. 250 vesparium microbial communities regardless of sampling site (P > 0.05 in all comparisons). 251
252
We observed significantly higher mean values of diversity (i.e., inverse Simpson diversity 253 index), and evenness in symbiont communities from seawater compared to host species (P < 254 0.001 in all pairwise comparisons; Table 2 ). When we analyzed the sponges from the offshore 255 reef, C. varians and C. delitrix presented more diverse and even microbial communities than the 256 other species (P < 0.05 in all pairwise comparisons). Comparing C. varians and S. vesparium 257 from the two habitats studied, a two-way ANOVA detected a significant interaction between 258 hosts and habitats for OTU richness (F1,10 = 7.906; P = 0.018) and diversity (F1,10 = 9.427; P = 259 0.012); therefore, main factors were analyzed separately. C. varians from the offshore reef 260 harbored richer (P = 0.002) and more diverse (P = 0.002) microbial assemblages compared to the 261 inshore symbiotic community. Considering the community evenness, C. varians presented a 262 more even distribution of the microbes hosted compared to S. vesparium (F1,10 = 25.49; P < 263 0.001). 264
265
The abundance of shared OTUs between sponge-associated and seawater microbial communities 266 was calculated (n = 1,012; 14.9% of the total OTUs recovered) and just 8.3% presented relative13 abundances over 0.1%. Those few OTUs (n = 84) accounted for 90.6 and 90.3% of the total 268 relative abundance of sponge-associated and seawater microbial assemblages, respectively. All 269 sponge-specific OTUs (n = 4,352; 64% of the total OTUs recovered) fell within the 'rare 270 biosphere' (<0.1% relative abundance). 271
272
Core microbiome in sponges from Clionaidae family 273 In addition to community-level metrics of diversity and structure, we performed a core 274 microbiome analysis to investigate patterns in abundant and prevalent OTUs among sponge 275 hosts. We define here core microbiomes at the species level, as those OTUs shared by all 276 samples of a given species with a mean relative abundance >0.1%. The core microbiome of C. 277 varians and S. vesparium was formed by 8 and 5 OTUs (Fig. 3A) accounting for over 70% and 278 90% of total relative read abundance on average, respectively, and 22% and 42% of the number 279 of OTUs with mean relative abundance >0.1%, respectively (Suppl . Table S1 ). C. delitrix and C. 280 tumula presented a few more core OTUs (22 and 15, respectively; Fig. 3B ) accounting for over 281 80% of relative abundance in both sponges (65% and 43% of the number of OTUs with mean 282 relative abundance >0.1%, respectively; Suppl. Table S1 ). Four OTUs (OTU 1, OTU 2, OTU 3 283 and OTU 36; Fig. 4 ) were shared by all sponges and were thus present in all defined core 284 microbiomes. The other core OTUs were either shared by two or three species or specific to one 285 host (Fig. 4) . Seawater presented a core microbiome of 20 OTUs (including 5 sponge core 286 OTUs) accounting for over 50% of the water microbiome in relative abundance (Suppl. Alphaproteobacteria, and in OTU 60 (accounting for 92% relative abundance; See Fig. 3 & 4) . 296
Twenty-seven sponge core OTUs had a mean fold-change in abundance of 100.8 ± 18.8 and 297
were extremely rare in seawater (mean relative abundance <0.01%). Eight additional sponge core 298
OTUs were present with mean relative abundance >2.7% in ambient seawater. From those, 3 299
OTUs were more abundant in sponges (fold-change 77.5 ± 46.4) and 5 OTUs were enriched in 300 seawater communities (fold-change 26.4 ± 9.7; Suppl. Local BLAST searches against the sponge EMP database showed that 88% of the OTUs (n = 306 5960) were found among the sponge microbiome collection with sequence identities over 97%. 307
The core microbiome associated to the sponges from the Clionaidae family is also associated to 308 other sponge hosts and habitats (Suppl. File S1). 
Taxonomic composition and core microbial communities associated to clionaid sponges 332
Although there is a lot of diversity to be uncovered, we have captured all abundant microbes 333 both in Clionaidae sponges and in seawater (Suppl. Fig. S1 ). The sponge associated 334 Bacteria/Archaea communities were less diverse than surrounding seawater, reinforcing the view 335 that these sponges were composed of low microbial abundance (LMA) microbiomes, aspreviously reported for the genus Cliona and other clionaids (Poppell et al. 2013 ; Moitinho-Silva 337 et al. 2017b). Although clionaid sponges displayed less diversity than surrounding seawater, we 338 detected more phyla in sponges (Suppl. Fig S5 & S6) . If we discarded those phyla with low 339 sequence abundances (i.e., 0.1% abundance), sponges and seawater harbored 6 bacterial and 1 340 archaeal phyla. Differences lay in the fact that we detected in sponges groups such as 341
Chlamydiae, Entotheonellaeota and Thaumarchaeota, which were rare in seawater, while we 342 detected Marinomicrobia SAR406, Verrucomicrobia and Euryarchaeota in seawater. However, 343 all those phyla accumulated a microbial abundance ranging from 0.1 to 1.5%. In the case of 344
Archaea, a specific primer pair for this domain might be useful to uncover the archaeal diversity 345 in sponges (Turon and Uriz 2020). and S. vesparium were shared by the other clionaid species, but with relative abundances much 398 lower, ranging from 0.1 to 0.3%. Likewise, the two dominant OTUs from C. delitrix were 399 depleted in the other hosts and assigned to the 'rare biosphere' (<0.1% reads). Nearly 80% of 400 sponge core components were not found or extremely rare (<0.01% on average) in the 401 surrounding seawater representing a 100-fold increase. From the remaining 20%, three core 402
OTUs were 77 times more abundant on average in sponges and five of them showed a 26-fold 403 change in the environment. These results point to a strong selective ability of the sponges, as 404 found in previous studies (Turon et al. 2018 ).
The low number of core microbial components in C. varians and S. vesparium are due to 407 microbial differences between offshore and inshore environments. As more locations are 408 sampled of a particular species, the more reduced core microbiome can be detected. These 409 differences were more evident in the former species, where the core OTU 2 was predominant in 410 the inshore specimens (82% vs. 46%). Besides this compositional change between habitats, four 411 other bacterial components were highly common in one of the sites while extremely rare in the 412 other (Fig. 4) . Two OTUs were assigned to the Alphaproteobacteria class and the other two were 413 affiliated with the genera Endozoicomonas (OTU 25) and Pseudohongiella (OTU 38 
